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Description 

[0001] The present invention relates to a surgical 
implant formed in the shape of an arrow comprising a 
body whose first end is formed as a stem and whose s 
second end is formed as a head with arresting means 
intended for arresting the implant in a position according 
to the use of the implant particularly in a direction oppo- 
site to the direction of installation, wherein the stem pro- 
trudes from the outer surface of the body and wherein 10 
the implant is manufactured of a polymer or a polymeric 
compound which is substantially absorbable in tissue 
conditions and contains reinforcing structure or the like, 
also of a polymer or a polymeric compound. 
[0002] The surgical implant of the invention is particu- is 
lariy but not solely intended to be used in repair surgery 
of traumas of soft and/or tough tissues containing 
fibrous structures, such as meniscal tissues. 
[0003] With reference to the prior art in the field it has 
been shown that fixation of meniscus trausmas like rup- 20 
tures and lesions by suturing with absorbable sutures 
gives better results than the removal of traumatized 
meniscal tissue (see e.g. N.A. Palmeri, T.F. Winters, 
A.E. Joiner and T. Evans, "The Development and Test- 
ing of the Arthroscopic Meniscal Staple", Arthroscopy. 2s 
Vol. 5, No. 2. 1989, p. 156 (Ret 1)). However, arthro- 
scopic suturing is a complicated technique where risks 
for the patient are significant e.g. because of danger to 
vessels and nerves. Therefore, the desire of surgeons 
has been already for a long time to have an absorbable 30 
meniscus lesion fixation device like a staple or fastener 
which should have the advantages of absorbable sutur- 
ing techniques but which should be more rapid to use 
and without compUcations of suture technique. 
[0004] Several research groups have tried to develop ss 
absorbable meniscus lesion fixation devices like clamps 
or the like. However, the demands of such a device are 
high, ft must be strong enough to maintain the good 
contact of lesion tissues after operation so that rapid 
healing occurs. The device must retain its strength long 40 
enough for good healing, ft must be biocompatible and 
it must be absorbed without causing complications 
which should prevent the healing of lesion. Additionally, 
the installation of the device should be easy and rapid 
and should cause minimum operational trauma. 4S 
Because of those high demands, a satisfactory, absorb- 
able meniscus lesion fixation device has not been devel- 
oped yet Palmeri et al. reported in Ref. 1 the 
development of a methods of meniscal repair using 
arthroscopically applied absorbable fasteners. How- so 
ever, the reported method was complicated because 
the final design used cannulation of the staple for nee- 
dle-guided placement. Additionally staple fracture, 
migration and articular abrasion was found. 
[0005] With regard to implants known in this field, ref- ss 
erence is made to US-4,873.976 which discloses an 
arrow-like implant, having a basic structure that can be 
identified with the preamble of claim 1, particularly for 



repair surgery of meniscal rupture. However, the arrow- 
like implant according to the publication has the disad- 
vantage that particularly its stem is shaped as a plate in 
a way that the direction of the main plane of the plate is 
perpendicular to the longitudinal direction of the body. 
Because of this fact it is particularly difficult to install the 
implant, because the installation channel to be used in 
connection with installing the implant must be formed to 
have the cross-sectional shape of the stem; it is difficult 
to guide the implant in the installation channel, because 
the guiding effect is substantially brought upon the stem 
only. Furthermore, due to the structure of the stem, it 
causes mechanical irritation and abrasion of the tissue 
particularly when placed in connection with the menis- 
cus, because the stem is usually left protruding even to 
a high degree from the outer surface of the meniscus. 
[0006] In this invention, it has been unexpectedly 
found that by designing a surgical implant of the inven- 
tion according to the characterising part of daim 1 
mainly by forming the stem substantially of at least one 
wing extending in the longitudinal direction of the body, 
which is at one edge connected to the body, and prefer- 
ably by forming the arresting means at least partially by 
machining the material, eg. by cutting the material of 
the body in a direction substantially parallel and/or diag- 
nonal to the body, an implant is obtained which is sub- 
stantially both effective in the installation situation in 
connection with a surgical operation and causes as little 
tissue irritation in the soft and/or tough tissue after the 
installation. Particularly but not solely in the surgical 
treatment of ruptures or other damage of the meniscus, 
the placement of the stem essentially in the longitudinal 
direction of the body provides the advantage that 
although part of the stem remains at the surface of the 
meniscus when the implant is installed, the wing form is 
placed substantially in the direction of the meniscus, 
whereby there is very little tissue irritation by protruding 
parts. Another advantage is provided by the fact that the 
stem is arranged substantially in the longitudinal direc- 
tion of the body and preferably also has a maximum 
thickness equal to the diameter of the body in the direc- 
tion of the thickness, namely that the installation chan- 
nel of the installation instrument can be shaped so that 
the implant receives its guidance during the installation 
stage of the surgical operation on all the length of the 
body. The surgeon can thus install the implant with max- 
imum security so that it is placed in the position 
intended for it in the right direction. 
[0007] Some advantageous embodiments of the 
invention are descrtoed in the appended dependent 
claims. As to the advantages obtained by them, refer- 
ence is made to the description below. 
[0008] The present invention will be more fully 
described in the following description with reference to 
the appended drawings. In the drawings, 

Fig. 1 shows a perspective view of an embodi- 

ment of the surgical implant according to 
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the invention, and 

Figs. 2-5 show sectional views of the meniscus, in 
which one or several surgical implants 
according to the invention have been 
installed. 

[0009] The implants according to the invention are 
manufactured of polymeric self-reinforced absorbable 
composites (SRAC) which have been described in sev- 
eral publications, including U.S. Pat No. 4,743,257 and 
Finnish Pat. Appl. No. 870111. The bone fracture fixa- 
tion devices manufactured of polymeric SRAC are 
known from earlier. However, in the meniscal repair sur- 
gery, the SRAC materials are not previously known. 
Here we have unexpectedly found that regardless of the 
totally different nature of meniscal tissue (fibrous, soft, 
tough and elastic) in comparison with bone tissue (hard 
and brittle), the meniscal repair devices made of SRAC 
give good fixation of meniscal lesions. Additionally, 
SRAC meniscal fixation devices are rapid and safe to 
use with a special instrument related to this this inven- 
tion and described in a parallel application, which is of 
significant benefit for surgical practice 
(PCT/FI93/00015). 

[0010] Polymeric SRAC is the ideal raw material in 
manufacturing of devices of this invention because of 
several reasons: 

mentscal lesion fixation devices made of SRAC are 
strong, tough and stiff structures so that they can be 
triggered with a special instrument to penetrate into 
the meniscal tissue, traverse the rupture or lesion 
and penetrate also to the meniscal tissue on the 
other side of rupture or lesion without the need to 
use some kind of auxiliary guides like needles, can- 
ntriated tubes etc. like in the earlier known tech- 
niques, 

the strong SRAC devices maintain the ruptured 
mentscal parts in contact with each other during the 
early period of healing leading to a rapid consolida- 
tion of the lesion or rupture in the tissue, and 
the absorption of SRAC implant guarantees that 
after absorption there is no risk of implant related 
long term complications, such as inflammatory 
reactions or infections which may occur with biosta- 
ble polymeric implants even years after operation. 

[0011] Partially crystalline, absorbable polymers, 
copolymers or polymer mixtures or alloys are especially 
suitable raw materials for manufacturing of the implant 
of this invention. Some suitable polymers that can be 
used as materials for the implant include polymers 
known from the following publications: 
U.S. Patent S.N. 4,700,704; U.S. Patent S.N. 4,653,497, 
U.S. Patent S.N. 4,649,921; U.S. Patent S.N. 4,559.945, 
U.S. Patent S.N. 4.532,928; U.S. Patent S.N. 4,605,730. 
U.S. Patent S.N. 4.441,496; U.S. Patent S.N. 4.435.590. 



[0012] The implants of the invention can be manufac- 
tured of the above polymers by applying either one pol- 
ymer or a suitable polymer alloy or mixture. 
[0013] Figure 1 shows a typical surgical implant 
5 according to the invention. It is designed to have an 
arrow shape, and it comprises a body 1 whose one end 
is formed as a stem 2 and whose other end is formed as 
the head 3. The head comprises arresting means 5 
extending to the section of the body 1. The purpose of 
w the stem 2 is to stop the implant at the final stage of the 
installation and to prevent the implant from moving in 
the direction of installation when it is in the installed 
position. The arresting means 5 are intended to keep 
the implant installed in the position of use, particularly in 
15 the direction opposite to the direction of installation. 
Thus, the stem 2 protrudes from the outer surface of the 
body 1 firstly for the purpose of arresting as described 
above, and secondly for the purpose of providing the 
impact surface required for the instrument used in the 
20 installation of the implant 

[001 4] According to the invention, the stem 2 is formed 
of at least one wing 4 extending substantially in the lon- 
gitudinal direction of the body 1 . Each wing 4 connected 
with the stem 2 is at one edge 4a attached to the outer 
25 surface of the body 1 . Further, the other edge surface 
4b of the wing, attached to the edge 4a in perpendicular 
direction, is designed to be parallel with the back sur- 
face 1 a of the body 1 . This back edge surface 4b of the 
wing is situated essentially in the same plane as the 
30 back surface 1a of the body 1 to form the above-men- 
tioned wide impact surface required for the front surface 
of the instrument. The thickness of the wing 4 or the like, 
i.e. the dimension x does not exceed the maximum 
dimension V of the body 1 in the direction of dimension 

35 X 

[001 5] In the embodiment shown in Fig. 1 , the implant 
comprises two wings 4 protruding from the body 1 in the 
range of the stem 2 in two directions. In the embodiment 
shown in Fig. 1, the parts protrude radially in opposite 

40 directions as seen in the longitudinal direction of the 
body, whereby the wings 4 form an integrated plate-like 
piece having a bulge K at its centre formed by the outer 
surface of body 1 on both sides of the main plane of said 
plate-like piece. 

45 [0016] As shown in Fig. 1 , each wing 4 has substan- 
tially a quadrangular form, preferably a rectangular or 
trapezoid form, whereby in the direction of installation of 
the wing 4, the third edge 4c is substantially transverse 
or perpendicular to the longitudinal direction of the body 

so 1 and thus provides an effective arresting impact at the 
end of the installation operation and keeps the implant 
in its position. 

[0017] The body 1 can have a polygonal or curved 
cross-section, but in an advantageous embodiment, the 
55 cross-sectional form of the body is a circle with a sub- 
stantially even thickness, as shown in Fig. 1. The thick- 
ness x of the wing can thus be smaller than the diameter 
V of the circular form. The dimension x of the wing can 
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have an even thickness or it can taper off or widen from 
the first edge 4a towards the fourth and outermost edge 
4d of the wing 4. 

[001 8] The arresting means 5 which are particularly in 
combination with the sharp end 3a of the head 3 are s 
formed in a manner that they do not completely protrude 
from the outer surface of the body 1 . This facilitates the 
installation of the implant first as it moves in the installa- 
tion channel of the instrument and further as it pene- 
trates the tissue. The arresting means 5 are formed as w 
a kind of scutellate structure* e.g. in two (or more) sub- 
sequent lines or mixed formations at certain distances 
on the whole perimeter of the body as shown in Fig. 1. 
The arresting means 5 in connection with the head 3 are 
formed by cuts 6 or the like made in the polymer mate- is 
rial of the body 1 , which are used for separating part of 
the material of the body 1 as barbs or the like, their base 
parts 5a being connected to the body 1 and their bodies 
5b and heads 5c being directed to the stem 2 of the 
implant The cuts 6 or the like are formed to comprise a 20 
first, substantially curved section 6a, where the head 5c 
of the said arresting means 5 is formed, and a second 
section 6b substantially parallel to the longitudinal direc- 
tion of the body, where the body 5b of the arresting 
means 5 is formed. In the installed position of the 25 
implant the arresting means 5 tend to be directed out- 
wards from the body, if the implant is subjected to forces 
which tend to move it in the direction opposite to the 
direction of installation. Thus, the scutellate structure of 
the arresting means, positioned in two adjacent lines on 30 
the whole perimeter of the body in its longitudinal direc- 
tion, prevents the movement of the stem in the direction 
opposite to the direction of installation. It is obvious that 
the cute 6 can be formed by a cutting means also to be 
directed at an inclined angle inwards the body 1, 35 
whereby the material forming the arresting means 5 of 
the body 1. particularly its head 5c, bends to protrude 
from the outer surface of the body 1. 
[0019] The arresting means 5 are thus at least partly 
formed by working, e.g. cutting, the material of the body 40 
1 substantially in the longitudinal direction of the body 1 . 
Part of the arresting means 5 can naturally be formed 
e.g. of structures known from US-4,873,976. 
[0020] Figures 2-5 show schematically how three 
implants D of the type of Fig. 1 are used in fixation of a 45 
meniscal lesion L The bodies of the implants 2 (solid 
lines) are on the outer (upper) surface of the meniscus. 
The bodies and the heads of the implants (drawn by 
broken lines)are inside of the meniscal tissue. Figure 3 
shows in a cross-sectional side view in vertical plane in so 
the direction x-x of Fig. 2 how a meniscal repair implant 
penetrates the lesion L so that its body 1 and head 3 are 
inside of the meniscal tissue and the stem 2 is at least 
partially on the surface of the meniscus. It is possible 
also to trigger the implant totally inside of the meniscal ss 
tissue as shown in Fig. 4. In this case, the irritation 
effect of the implant inside of joint cavity is minimal. In 
ruptures near the joint capsule NK, the head 3 can pen- 



etrate through the meniscal tissue into the joint capsule 
NK as shown in Fig. 5. 

[0021 ] The self-reinforced absorbable implants of this 
invention can be manufactured of absorbable polymers, 
copolymers or polymer mixtures or alloys with several 
methods. It is possible e.g. to use the techniques of pub- 
lication US. Pat No. 4,743,257 to sinter in a compres- 
sion mold absorbable fibers (and possible additional 
binding polymer powder) together to create a self-rein- 
forced structure. The implants of this invention can be 
molded ready in a single compression molding cycle, or 
they can be machined at least partially mechanically 
(and using possible additional heat) after sintering. 
[0022] The self-reinforced structure can be created 
also during extrusion or injection moulding of absorba- 
ble polymeric melt through a suitable die or into a suita- 
ble mold at high speed and pressure. When cooling 
occurs at suitable conditions, the flow orientation of the 
melt remains in solid material as self-reinforcing struc- 
ture. In an advantageous embocfimerrt, the mold can 
have the form of the implant but it is also possible to 
machine injection-molded or extruded semifinished 
products to the implants of the invention mechanically 
(and using possibly also heat). 

[0023] The self-reinforced implants of this invention 
can be manufactured also by machining mechanically 
(and/or possibly also using heat) from self-reinforced 
extruded or injection-molded and drawn semifinished 
products, such as rods and wings described in WO 
88/05312. 

[0024] In some advantageous embodiments of this 
invention, the reinforcing elements of the self-reinforced 
structure are mainly oriented in the direction of the long 
axis of the stem of the implant The reinforcement ele- 
ments can also turn spirally around the long axis of the 
implant. Also other different orientations of reinforce- 
ment elements in elongated samples which are familiar 
from composite technology can be applied (see e.g. 
Engineered Materials Handbook. Volume 1, Compos- 
ites, ASM International, Metals Park, Ohio 44073 USA, 
1988), However, a general feature of self-reinforcement 
of the implants of this invention is that an essential part 
of reinforcing elements is oriented in such a way that 
they can carry effectively the different loads (such as 
tensile, bending and shear loads) which are directed to 
the healing meniscal tissue from the outside (e.g. 
because of the movements of the patient's knee). 
[0025] According to an advantageous embodiment of 
the invention, the meniscal repair implant may contain 
one or more bioactive substances, such as antibiotics, 
chemotherapeutic substances, substances accelerating 
the healing of the wound, growth hormones etc. Such 
bioactive meniscal repair implants are especially advan- 
tageous in surgical use. because they contribute with 
biochemical, drug etc. effects to the healing of the lesion 
in addition to the mechanical supporting effect 
[0026] The self-reinforced materials of the implants 
typically have tensile strengths 100-500 MPa, bending 
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strengths 100-400 MPa and shear strengths 80-200 
MPa. Additionally, they are usually stiff and tough. 
These mechanical properties are superior to those of 
non-reinforced absorbable polymers which typically 
show strengths between 40 and 1 00 MPa and are addi- * 
tionally either very flexible or brittle (see e.g. S. Vainion- 
paa f P. Rokkanen and P. TCrmaia, "Surgical 
Applications of Biodegradable Polymers in Human Tis- 
sues" , Progr. Polym. Sci. 14 (1989), pp. 679-716). 
£0027] The implants of the present invention as well as i 
the instruments are sterilized by any of the well known 
sterilization techniques generally depending on the type 
of material used to manufacture of the implant or the 
instrument or its components. Suitable sterilization 
techniques include heat or steam sterilization, radiation it 
sterilization such as cobalt 60 irradiation or electron 
beams, ethylene oxide sterilization, and the like. 
[0028] After the description above of the present 
invention and certain specific embodiments therein, it 
will be readily apparent to those skilled in the art that 20 
many variations and modifications may be made to the 
present invention without departing from the scope 
thereof as defined by the appended claims. The exam- 
ples below illustrate the production of implants of the 
invention as also the use of implants and instruments of 2s 
the invention. 

EXAMPLE 1. 

10029] Molds were constructed for transfer molding or 30 
for compression molding (sintering) and for injection 
molding of meniscal repair implants with the geometry 
corresponding substantially to that of the device in Rg. 
1. The dimensions of the manufactured implants were: 
the length of the arresting means 5 connected with the 35 
head 3 in two subsequent lines: about 2.0 mm; the 
thickness of the cylindrical body 1: 1.4 mm; the dimen- 
sion x of the wing 4: 1.1 mm; the edge 4a: 3 mm and 
edges 4b. 4c: 1 .5 mm. The total length of the implants 
was 15 mm. The cuts required for formation of the 40 
arresting means 5 were made at a separate stage after 
the compression stage. 

[0030] The implants of the invention were manufac- 
tured by transfer molding in the following manner. 
[0031] The melt of glycoHde/lactide (90/10) copolymer 45 
(internal viscosity |n| = 1.5 in 0.1% hexafluoroisopropa- 
nol solution (T = 25°C)) was mixed with 8 mm long fibers 
of the same material. The melt-fiber mixture was 
injected rapidly into the implant mold which was cooled 
rapidly. The fiber content of the implants was 30% so 
(w/w). The bending strength of these self-reinforced 
absorbable implants was 140 MPa. The bending 
strength of corresponding non-reinforced devices man- 
ufactured from glycolide/lactide copolymer melt was 80 
MPa. 55 



EXAMPLE 2. 

[0032] The mold of Example 1 was used to manufac- 
ture implants by compression molding. Glycolide/lactide 
copolymer sutures (Vicryl 0 ) (size 2 USP) were heated 
in evacuated mold to 185°C during ca. 4 min which 
caused the partial melting of fiber units of sutures. The 
material was compression molded to a device of Rg. 1 a 
with a pressure of 2xl0 8 Pa.m -2 (2000 bar), and it was 
? cooled rapidly. The shear strength of these self-rein- 
forced implants was 120 MPa. The shear strength of 
corresponding non-reinforced devices manufactured 
from glycolide/lactide copolymer melt was 70 MPa. 

EXAMPLE 3. 

[0033] The mold of Example 1 was used to manufac- 
ture the devices by compression molding. Polyglycolide 
sutures (Dexon*) (size 2 USP) were heated in evacu- 
ated mold to 224°C during ca. 5 min with a pressure of 
2xl0 8 Pa.m' 2 (2000 bar). The softened fiber material 
was fused partially together, and rt filled the mold cavity 
shaped like the implant of Fig. 1 . The mold was cooled 
rapidly, and the implant was removed. The tensile 
strength of these self-reinforced absorbable devices 
was 160 MPa. The tensile strength of corresponding 
non-reinforced implants manufactured from polyglycol- 
ide melt was 80 MPa. 

EXAMPLE 4. 

[0034] Polyglycolide sutures (Dexon R ) (size 2 USP) 
were melted at T = 230°C. The polymer melt was 
injected rapidly into the mold which was partially filled 
with continuous Dexon R sutures. The mold was cooled 
rapidly. The ffoer content of self-reinforced implants was 
40% (w/w), and their shear strength was 120 MPa. The 
shear strength of corresponding non-reinforced 
implants manufactured from polyglycolide melt was 50 
MPa. 

EXAMPLE 5. 

[0035] Isomers of absorbable polymers can be 
applied to manufacture implants of the invention. For 
example isomers of polylactide, such as poly-L-lactide 
(PLLA), poly-D-lactide (PDLA), poly-DL-lactide 
(PDLLA) and copolymers of L-lactide and D-lactide 
which contain different amounts of L-unrts and D -units 
can be used as such in ffoer form, or mixtures of their 
fibers can be used to sinter the implants. PLLA is a par- 
tially crystalline polymer with a melting point of ca. 
180°C. The isomers containing D-unrts have lower melt- 
ing points. Therefore numerous types of self-reinforced 
implants can be manufactured of polylactide isomers 
using fibers of PLLA or of copolymer with low content of 
D-unrts as reinforcement fibers and a copolymer with 
higher content of D-unrts as matrix The self-reinforced 
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materials can be manufactured of these materials e.g. 
by combining isomer matrix and fibers, thread or corre- 
sponding reinforcement structures to each other by 
means of heat and pressure. 

[0036] Bundles of poly-L-lactide (PLLA) fibers (fber 5 
diameter 120 urn, molecular weight of PLLA = 700 000) 
and the finely powdered DL isomer (molecular weight = 
100 000) were mixed mechanically together and com- 
pression molded in mold of Example 1 at 165°C and 
2x10 8 Pa.m* 2 (2000 bar) pressure for 5 min and cooled io 
rapidly. The fber content of self-reinforced implants was 
50%. and their bending strength was 200 MPa Bending 
strengths of non-reinforced rods manufactured from pol- 
ymer melts were for PLLA 600 MPa and for poly-DL-lac- 
tideSOMPa. « 

EXAMPLE 6. 

[0037] Poly-L-lactide (Mw = 700 000) fibers (diameter 
1 00 jim) were heated in pressurized mold of Example 1 20 
to 174°C during ca. 6 min with a pressure of 
2xl0 8 Pa.m" 2 (2000 bar). The softened fber material 
was partially fused together filling the mold, and the 
mold was cooled to room temperature rapidly. The ten- 
sile strength of these serf -reinforced absorbable 25 
implants was 120 MPa. The tensile strength of corre- 
sponding non-reinforced implants manufactured from 
poly-L-lactide melt was 50 MPa. 

EXAMPLE 7. 30 

[0038] Pdy-p-hydroxybutyric acid f bers (diameter 1 00 
jim) were heated in pressurized mold of Example 1 to 
175°C for 5 min with a pressure of ^xlO^a-m" 2 (2000 
bar). The softened fber material was partially fused 35 
together, and the mold was rapidly cooled to room tem- 
perature. The bending strength of these serf-reinforced 
absorbable composite devices was 1 00 MPa. The bend- 
ing strength of corresponding non-reinforced implants 
manufactured of poty-^hydroxybutyrate acid mert was 40 
40 MPa. 

EXAMPLE 8. 

[0039] Polydioxanone sutures (PDS of Ethicon; size 0) 4S 
were heated in pressurized mold of Example 1 to 103°C 
for 6 min with a pressure of 2x10 8 Pa.m* 2 (2000 bar). 
The softened fber material was partially fused together, 
and the mold was rapidly cooled to room temperature. 
The shear strength of these serf -reinforced absorbable so 
composite implants was 140 MPa. The shear strength 
of corresponding non-reinforced implants manufactured 
of polydioxanone melt was 50 MPa. 

EXAMPLE 9. 55 

[0040] Glycol kie/lactide (PGA/PLA) copolymer 
sutures (Vicryl R ; size 1) containing 30% (w/w) of polyg- 



lycoiide sutures (Dexon R ; size 2) were heated in mold of 
Example 1 in vacuum at 1 80°C for 6 min, which caused 
the partial melting of glycdide/lactide fber units of Vic- 
ryl sutures. The material was compression molded to 
immplants with a pressure of 2xio 8 Pa.m~ 2 (2000 bar), 
and it was rapidly cooled. 

[0041] A hybrid composite rod which was composed 
of self-reinforced glycolide/lactide material into which 
were embedded polygfycolide sutures was obtained. 
The bending strength of hybride composite material 
was 250 MPa. The bending strength of corresponding 
composite manufactured from glycolide/lactide copoly- 
mer melt reinforced with 30% (w/w) of polygfycolide 
sutures was 200 MPa. 

EXAMPLE 10. 

[0042] Monofilament sutures (size 0) manufactured of 
polyglycolkJe/trimethylenecarbonate copolymer (Maxon 
of Davis+Geck) were heated in a pressurized mold of 
Example 1 to 225°C for 4 min, applying a pressure of 
2xl0*Pa.m' 2 (2000 bar) during the last 1 min. The 
sutures were partially fused together, and the mold was 
rapidly cooled to room temperature. Self-reinforced 
absorbable devices with the shear strength of 1 30 MPa 
were obtained. The shear strength of corresponding 
non-reinforced implants manufactured of totally melted 
Maxon sutures was 60 MPa. 

EXAMPLE 11. 

[0043] Poly-L-lactide (PLLA; Mw = 700 000) was 
extruded to continuous cylindrical rods with a diameter 
(0) of 4 mm. The rods were drawn to the drawing ratio 
10, simultaneously raising the temperature of the rods 
to 90...130°C. The setf-reinforced (fbrillated) structure 
of the drawn rods was seen microscopically. 
[0044] The serf -reinforced rods were cut to the length 
of ca. 20 mm and formed to the implants of the invention 
by attaching the stem to one end of the rod in a heated 
mold (T = 175°C) and by cutting a set of arresting 
means to the head as shown in Fig. 1. 
[0045] The implants manufactured by the method 
described above showed bending strength of 250 MPa 
and shear strength of 170 MPa. 

EXAMPLE 12. 

[0046] Polygfycolide (Mw ca. 50 000) was extruded to 
continuous rods with a diameter of 4.4 mm. The rods 
were drawn at 1 60°C to serf-reinforced rods with a diam- 
eter of 1.3 mm. The continuous rods were cut to pieces 
of ca. 21 mm, to which stems were formed in molds of 
Example 1 1 at 230°C and arresting means were worked 
in connection with the head. These implants of the 
invention showed bending strength of 360 MPa and 
shear strength of 250 MPa. 
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EXAMPLE 13. 

[0047] Monofilament sutures (size 2; Maxon of 
Davis+Geck) manufactured of polyglycolide/trimethyl- 
enecarbonate copolymer were cut to 5-10 mm pieces 
and melted and extruded with a self-made piston 
extruder to a continuous rod with a diameter of 4.4 mm. 
The rod was drawn at 140...195°C to a self-reinforced 
rod with a diameter of 1.1 mm. The continuous, self- 
reinforced rod was cut to pieces of ca. 21 mm, and the 
head and stem parts were cut and formed by upsetting 
at T = 220°C with the method of Example 11. These 
devices of the invention showed shear strength of 140 
MPa. 

[0048] The bending strength measurements of the 
Examples above were made with 3-point bending by 
supporting the head and the stem on specially con- 
structed supports and by bending the implant from the 
middle with a crosshead at a speed of 5 mm/min. The 
shear strength was measured from the middle of the 
implant with a punch tester. 

[0049] The strength values were measured at room 
temperature (22...23°C) with a mechanical testing 
machine (by JJ. Lloyd Instruments, England). 

EXAMPLE 14. 

[0050] Poly-L-lactide (Mw ca. 100 000) and poly-D- 
lactide (Mw ca. 1 00 000) were blended in the melt state 
(blending ratio 1:1) in an extruder. This alloy was 
extruded to a rod with a 4.4 mm diameter and solidified 
to a stereocomplex material which exhibited a melting 
point of 220°C. The rod was heat treated at 180°C and 
drawn to self -reinforced rod with a diameter of 1.1 mm. 
The self-reinforced rod was cut to pieces of 21 mm. 
These were upset into the arrow-shaped implants of 
Example 13 at 220°C using tie molds of Exanple 13. 
These implants showed the bending strength of 280 
MPa. The non-reinforced injection-molded rods showed 
the bending strength of 120 MPa. 

EXAMPLE 15. 

[0051 ] The poly-L-lactide and poly-D-lactkJe Wend of 
Example 14 was extruded to 0.8 mm thick monofila- * 
ments which were drawn to ftoers with a diameter of 1 00 
urn at 110°C. The stereocomplex fibers were sintered 
into the devices of the invention in a compression mold 
by heating them for 5 min from 23°C to 222°C at a pres- 
sure of 2xto 8 Pa.m- 2 (2000 bar) These self-reinforced i 
polylactide stereocomplex implants showed the shear 
strength of 220 MPa. The corresponding implants man- 
ufactured by injection molding of the same poly-L-lac- 
tide and poly-D-lactide melt showed the shear strength 
of 95 MPa. £ 



EXAMPLE 16. 

[0052] Several types of self-reinforced implants with 
the dimensions of the implants of Example 1 were man- 
5 ufactured by methods according to Examples 1-15 and 
triggered into cadaver meniscal tissue obtained from 
sheep by a method disclosed in an invention "Surgical 
installation instrument" parallel to the present invention 
(PCT/FI93/00015). 
io A preliminary hole (length ca. 15 mm) was made into 
the tissue with a steel punch with a diameter of 1 .2 mm 
at an angle of approximately 45° against the surface of 
the meniscus. The end of the head of the implant was 
carefully penetrated into the preliminary hole, and the 
is implant was triggered to the preliminary hole in the 
meniscus. When testing each implant material, five par- 
allel implants were applied. All the self-reinforced 
implants manufactured according to Examples 1-4, 6, 9. 
11, 12 and 14 sunk well into the meniscus without 
20 breaking or bending. A total of 7 implants made accord- 
ing to Examples 5. 7. 8, 10 and 13 buckled or bent and 
did not sink properly into the meniscus. However, they 
did not break. 

[0053] Comparative triggering tests were made with 
25 injection-molded, non-reinforced implants manufac- 
tured according to Examples 1-10. Twenty-one of the 
implants buckled and/or broke (depending on the raw 
material) during triggering. 

[0054] These cadaver studies showed that the seff- 
30 reinforced implants of the invention did not break during 
triggering them into meniscal tissue. The triggering 
method shown in the present application is thus suitable 
for them. On the contrary, many of the non-reinforced 
implants were broken and therefore they cannot be 
35 applied with the easy and rapid triggering method. 

EXAMPLE 17. 

[0055] Implants of the invention according to the 

40 dimensions of Example 1 were used in experimental fix- 
ation of surgically generated meniscal lesions in sheep. 
The following self-reinforced (SR) implants were used: 
SR-PGA implants of Example 3, SR-PGA irrplarrts of 
Example 4, SR-PLLA implants of Exanple 6. SR- 

<5 PGA/PLA implants of Example 9, SR-PLLA implants of 
Example 11, SR-PGA implants of Example 12, and 
polyiactkie-stereocomplex implants of Example 15. Two 
animals were operated in each case. The devices were 
applied through an arthrotomy under direct visualization 

jo in surgically generated meniscal lesions by triggering 
them with the instrument of the invention into the menis- 
cal tissue. No fracture, buckling or unfavorable migration 
of implants occurred during operations. Two control ani- 
mals were used where lesion was not repaired. After 12 

s weeks, the animals were killed and the menisci were 
examinated. The controls showed uncontrolled healing 
and displacement of the meniscal tissue. Most (ca. 
80%) of the menisci treated with devices of the invention 
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had healed well with a fibrous healing through the 
lesion. 

Claims 

1. A surgical implant formed in the shape of an arrow 
and made of a polymer or polymeric compound 
which is substantially absorbable in tissue condi- 
tions, said implant comprising a body (1) extending 
along a longitudinal direction, a head portion (3) at 
a first end of said body , a tail portion (2, 4) con- 
nected by an edge portion thereof (4a) to a second 
end of said body and protruding perpendicularly 
with respect to the longitudinal direction of the body, 
and arresting means (5) for arresting said implant in 
position, according to the use of the implant in a 
direction substantially opposite to the direction of 
installation thereof, 

characterized in that said tail portion (2) is formed 
of at least one wing (4), each wing being defined by 
substantially planar major surfaces extending sub- 
stantially parallel to a plane containing the longitudi- 
nal direction of said body (1), and in that said body 
contains a reinforcement structure made of a poly- 
mer or polymeric compound. 

2. Implant according to claim 1 , wherein said arresting 
means (5) are comprised of portions of said body 
(1) which are cut in a direction substantially parallel 
and/or diagonally with respect to said body such as 
to present a free end (5c) and an end (5a) contigu- 
ous with said body 

3. Impiant according to claim 1 or 2, wherein the thick- 
ness dimension (x) of the wing (4) does not exceed 
the maximum dimension (V) of the body (1) in the 
direction of the thickness dimension (x). 

4. Implant according to any one of claims 1 to 3, 
wherein there are at least two wings (4) protruding 
from the body (1) in two or more directions respec- 
tively. 

5. Implant according to any of the claims 1 to 4. 
wherein there are two wings (4), protruding in oppo- 
site directions from the body (1). 

6. Implant according to any of the claims 1 to 5, 
wherein the or each wing (4) has a polygonal, sub- 
stantially quadrangular and preferably a rectangular 
shape; the back edge surface (4b) of said wing(s) 
(4) which is connected to the back surface (1a) of 
the body (1) is in the same plane as the said back 
surface (1a); and the front edge (4c) of the wing(s) 

. (4) is transverse to the longitudinal direction of the 
body (1). 

7. Implant according to any of the claims 1 to 6, 



wherein the cross-section of the body (1) is sub- 
stantially polygonal or curved, or preferably circular 
with even dimensions in the longitudinal direction of 
the body (1), and the thickness dimension (x) of the 
5 wing(s) (4) is smaller than the diameter (V) of the 

said cross-section. 

8. Implant according to any of the claims 1 to 7. 
wherein the wing(s) (4) has (have) substantially an 

ro even thickness. 

9. Implant according to any one of claims 1 to 8, 
wherein the arresting means (5) are formed as a 
scutellate structure in the body (1), substantially on 

is the whole perimeter of the body (1), in connection 
with the head (3). 

10. Implant according to claim 9 f wherein the arresting 
means (5), in connection with the head (3), are 

20 formed by cuts (6) made in the material of the body 
(1), which are used for separating part of the mate- 
rial of the body as barbs connected with the body 
(1). their bodies (5b) and heads (5c) being directed 
towards the tail portion (2) of the implant, whereby 

25 the said barbs form the said scutellate structure in 
line and/or random order. 

11. Implant according to claim 9, wherein the cuts (6) 
are at least in some arresting means (5) formed in 

30 a manner that they comprise a first substantially 
curved section (6a), where the head (5c) of the said 
arresting means is formed, and a second section 
(6b) substantially parallel to the longitudinal direc- 
tion of the body, where the body (3b) of the arrest- 

35 ing means (5) is formed, or wherein the cuts (6) are 
in at least some arresting means (5) substantially 
straight cuts diagonally directed towards the inside 
of the body (1). 

40 Patentanspruche 

1 . Chirurgtsches Implantat, das in Form eines Pfeiles 
ausgebildet ist und aus einem Polymer oder einer 
polymer en Verbindung hergestellt ist, das bzw. die 

45 in Gewebeumgebungen im wesentlichen absorbier- 
bar ist, wobei das Implantat einen sich in LSngsrich- 
tung erstreckenden Korper (1), einen Kopfbereich 
(3) an einem ersten Ende des Korpers, einen End- 
bereich (2, 4), der durch einen Randbereich (4a) 

so mat einem zweiten Ende des Korpers verbunden ist 
und in bezug auf die L&ngsrichtung des Korpers 
rechtwinWig wegragt sowie Arretiereinrichtungen 
(5) zum Arretieren des Imptantats in seiner Position 
nach MaBgabe der Verwendung des Implantats in 

55 einer zu der Installationsrichtung des Implantats im 
wesentlichen entgegengesetzten Richtung auf- 
weist, 

dadurch gekennzeichnet daft der Endbereich (2) 
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aus wenigstens einem FiOgel (4) gebildet ist, wobei 
jeder Fiugel durch im wesentlichen planare Haupt- 
fiachen gebildet ist, die sich im wesentlichen paral- 
lel zu einer die Langsrichtung des KOrpers (1) 
enthaltenden Ebene erstrecken, und da 6 der KOr- 5 
per eine Verstarkungsstruktur enthait, die aus 
einem Polymer oder einer polymeren Verbindung 
gebildet ist. 

2. Implantat nach Anspruch 1 , 10 
wobei die Anretiereinrichtungen (5) aus Bereichen 
des KOrpers (1) gebildet sind. die in einer zu dem 
KOrper im wesentlichen parallelen und/oder diago- 
nalen Richtung geschnitten sind, so da8 sie ein 
freies Ende (5c) und ein mit dem KOrper kontinuier- 15 
lich ausgebildetes Ende (5a) aufweisen. 

3. Implantat nach Anspruch 1 oder 2, 

wobei die Dickenabmessung (x) des FlOgels (4) die 
maximale Abmessung (V) des KOrpers (1) in Rich- 20 
tung der Dickenabmessung (x) nicht Obersteigt. 

4. Implantat nach einem der AnsprOche 1 bis 3, 
wobei wenigstens zwei Fiugel (4) vorhanden sind, 

die von dem KOrper (1) in zwei bzw. mehr Richtun- 25 
gen wegragen, 

5. Implantat nach einem der AnsprOche 1 bis 4, 
wobei zwei Fiugel (4) vorhanden sind, die in entge- 
gengesetzten Richtungen von dem KOrper (1 ) weg- 30 
ragen. 

6. Implantat nach einem der AnsprOche 1 bis 5. 
wobei der oder jeder Fiugel (4) eine polygonale, im 
wesentlichen viereckige und vorzugsweise rechtek- 35 
kige Formgebung aufweist; wobei die mit der ruck- 
wartigen Flache (1a) des KOrpers (1) verbundene 
rOckwartige Randfiache (4b) des Flugels oder der 
Fiugel (4) in derselben Ebene liegt wie die ruckwar- 
tige Flache (1a); und wobei der vordere Rand (4c) 40 
des Flugels oder der Fiugel (4) quer zu der Langs- 
richtung des KOrpers (1) ist 

7. Implantat nach einem der AnsprOche 1 bis 6, 

wobei die QuerschnittsflSche des KOrpers (1) im 45 
wesentlichen polygonal oder gekrummt ist Oder 
vorzugsweise kreisfOrmig mit gleichfOrmigen 
Abmessungen in der Langsrichtung des KOrpers 
(1) ist und wobei die Dickenabmessung (x) des Flu- 
gels oder der Fiugel (4) Weiner ist als der Durch- so 
messer ( V) der genannten Querschnittsf lache. 

8. Implantat nach einem der AnsprOche 1 bis 7, 
wobei der Fiugel oder die FlOgel (4) im wesentli- 
chen eine gleicbmaBige Dicke aufweist bzw. auf- ss 
weisen. 



wobei die Anretiereinrichtungen (5) als schuppen- 
fOrmiges GebikJe an dem KOrper (1) im wesentli- 
chen urn den gesamten Umfang des KOrpers (1) in 
Verbindung mit dem Kopf (3) ausgebildet sind. 

I. Implantat nach Anspruch 9, 
wobei die Anretiereinrichtungen (5) in Verbindung 
mit dem Kopf (3) durch Schnitte (6) gebildet sind, 
die in das Material des KOrpers (1) eingebracht sind 
und zum Trennen eines Teils des Materials des KOr- 
pers nach Art von mrt dem KOrper (1) verbundenen 
Widerhaken verwendet werden, wobei ihre KOrper 
(5b) und K6pfe (5c) in Richtung auf den Endbereich 
(2) des Implantats gerichtet sind, wodurch die 
genannten Widerhaken die genannte schuppenfOr- 
mige Struktur in Reihenanordnung und/oder in 
unregelmaBiger Anordnung bilden. 

11. Implantat nach Anspruch 9, 

wobei die Schnitte (6) wenigstens in einigen Arre- 
tiereinrichtungen (5) in einer derartigen Weise aus- 
gebildet sind, daBsie einen ersten, im wesentlichen 
gekrOmmten Abschnitt (6a), an dem der Kopf (5c) 
der Arretiereinrichtungen gebildet ist, sowie einen 
zweiten Abschnitt (6b) im wesentlichen parallel zu 
der Langsrichtung des KOrpers aufweisen, an dem 
der KOrper (5b) der Arretiereinrichtungen gebildet 
ist, oder wobei es sich bei den Schnitten (6) in 
wenigstens einigen Arretiereinrichtungen (5) urn im 
wesentlichen gerade Schnitte handert, die diagonal 
in Richtung auf das Innere des KOrpers (1) weisen. 

Revendications 

1 . implant chirurgical formt sous la forme d'une f teche 
et constrtut par un pdymtre ou compost polymtri- 
que qui est sensiblement absorbable dans les con- 
ditions tissulaires, ledit implant comprenant un 
corps (1) qui s'6tend dans une direction longitudi- 
nal e, une partie formant t£te (3) au niveau cfune 
premiere exirtmitt dudit corps, une partie formant 
queue (2, 4) relive par une partie (4a) formant bord 
de celle-ci k une seconde extrtmrte dudit corps et 
qui fait safllie perpendiculairement a la direction 
longitudinale du corps, et des moyens de retenue 
(5) pour retenir ledit implant en position, selon I'uti- 
lisation de I'implant dans un sens sensiblement 
oppose au sens de son installation, 
caract6ris§ en ce que tadrte partie formant queue 
(2) est formte cfau moins une aile (4), chaque aile 
§tant dtfinie par des surfaces principales sensible- 
ment planes qui s'6tendent sensiblement parall de- 
ment a un plan contenant la direction longitudinale 
dudit corps (1), et en ce que ledit corps contient une 
structure de renforcement constitute par un poly- 
m£re ou compost polymtrique. 



9. Implantat nach einem der AnsprOche 1 bis 8, 



2. Implant selon la revendication 1 , dans lequel lesdits 
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moyens de retenue (5) sont constrtu^s par des par- 
ties dudrt corps (1) qui sont decouples dans une 
direction sensiblement parall&le et/ou diagonale 
audit corps de manfere & presenter une extr£mit§ 
tibre (5c) et une extr£mrte (5a) contigue audit corps. 5 

3. Implant selon la revendicatton 1 ou 2, dans lequel la 
dimension de I'^paisseur (x) de I'aile (4) ne 
d£passe pas la dimension maximale (V) du corps 

(1) dans la direction de la dimension de T6paisseur 10 
(x). 

4. Implant selon Tune quelconque des revendications 
1 & 3, dans lequel il y a au moins deux ailes (4) qui 
font saillie du corps (1) dans deux ou plusieurs 75 
directions respectrvement 

5. Implant selon Tune quelconque des revendications 
1 & 4, dans lequel il y a deux ailes (4) qui font saillie 
dans des directions oppos6es depu'ts le corps (1 ). 20 

6. Implant selon Tune quelconque des revendications 
1 & 5, dans lequel la ou chaque atle (4) a une forme 
polygonale, sensiblement quadrangulaire et de pre- 
ference rectangulaire, la surface du bord arri&re 2s 
(4b) de ladrte aile (4) ou desdrtes ailes (4) qui est 
reltee & la surface arriere (la) du corps (1) est dans 

le meme plan que ladrte surface arriere (1a), et le 
bord avant (4c) de I'aile (4) ou des ailes (4) est 
transversale & la direction tongitudinaJe du corps 30 
(1). 



partie formant queue (2) de Umplant, de sorte que 
lesdites barbelures forment ladrte structure scutelli- 
forme en ligne et/ou dans un ordre al6atoire. 

11. Implant selon la revendication 9, dans lequel les 
d6coupures (6) sont form£es, au moins dans cer- 
tains moyens de retenue (5), d'une mani&re qu'elles 
comprennent une premiere section sensfolement 
incurv6e (6a) ou est form6e la tete (5c) desdrts 
moyens de retenue. et une seconde section (6b) 
sensiblement parallgle & la direction longitudinale 
du corps ou est form6 le corps (5b) des moyens de 
retenue (5), ou dans lequel, dans au moins certains 
moyens de retenue (5), les dgcoupures (6) sort des 
ctecoupures sensfolement rectilignes dingoes dia- 
gonalement vers llnterieur du corps (1). 



7. Implant selon Tune quelconque des revendications 
1 & 6, dans Sequel la section drciiedu corps (1) est 
sensiblement polygonale ou incurv£e, ou de prgfe- 35 
rence circulaire avec des dimensions uniformes 
dans la direction tongitucfinale du corps (1). et la 
dimension de l'6paisseur (x) de I'aile (4) ou des 
ailes (4) est inferieure au diam&tre (V) de ladrte 
section droite. to 



8. Implant selon Tune quelconque des revendications 
1 & 7 P dans lequel I'aile (4) ou les ailes (4) a ou ont 
une £paisseur sensiblement unrforme. 

45 

9. Implant selon Tune quelconque des revendications 
1 & 8. dans lequel les moyens de retenue (5) sont 
formes sous forme d'une structure scutellrforme 
dans le corps (1), sensiblement sur tout le p6rim&- 

tre du corps (1), en liaison avec la t§te (3). so 



10. Implant selon la revenrJcation 9, dans lequel les 
moyens de retenue (5), en liaison avec fa t£te (3), 
sont formes par des d6coupures (6) pratiqu^es 
dans le mat£riau du corps (1), qui sont utitisees ss 
pour s&parer une partie du mat&riau du corps sous 
forme de barbelures relives au corps (1). leurs 
corps (5b) et leurs t§tes (5c) 6tant dingus vers la 
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